Previous experimental knowledge has confirmed that one of the most influential factors affecting the performance of polymer friction absorbers embedded in buffer housing as part of the buffer and chain coupler is the temperature. This paper defines a mathematical model of a friction-type polymer absorber, PMKP-110. The presented mathematical model specifically includes the influence of the environment temperature on the dynamic impact curve for −60 • C and 15 • C. The dependence between the initial pre-tension of the buffer and the ambient temperature is calculated. The model involves an equation of motion for moving parts of the absorber, and the solution of the differential equation is achieved in Matlab. Results are given as diagrams of the impact deformation and impact speed of the polymer block, with assumed zero initial impact speed. The model can be used to analyze the action of the longitudinal forces that occur during transient conditions of the movement of the carriages.
Introduction
Rail freight holds an important place in the transport system of any country in the world. The increase of goods transport in recent years has accordingly led to increased speed and weight of the carriages. Thus, when maneuvering or forming rail carriage compositions at sort stations, the increasing impact speed between carriages is an issue. The weight significantly increases the magnitude of the longitudinal forces acting between carriages. As a result, the occurrence of massive repairs increases, which appreciably reduces the income made from goods transport. Research and analyses of longitudinal train dynamics have a significant role in the improvement of the general comfort of passengers as well as implications for freight product damage, vehicle stability, rolling stock design, and rolling stock metal fatigue [1, 2] .
One of the most difficult and also very important tasks in longitudinal train dynamics is the modeling of draft gears, which is a highly nonlinear problem complicated by an extensive number of factors: nonlinear stiffness, friction, coupler slack, pre-load, and so on. The poor predictability, repeatability, and the discontinuity of friction make this task more challenging; a detailed review of techniques in dynamics modeling of friction draft gears was given in Reference [3] . The modeling part is mainly focused on the inter-wagon connections with a briefer treatment of the other force inputs: traction, dynamic braking, air braking, grades, rolling, and air resistance. The non-linearity of the wagon connections involving draft gears or buffers and draw gear components needs to be modeled accurately to achieve representative results for force transients Polymer draft gears were modeled in Reference [5] , where impact characteristics, in-train characteristics, and frequency responses of these polymer draft gears were studied and compared with those of a friction draft gear. The impact simulations showed that polymer draft gears give higher loading trajectories for higher impact velocities, while friction draft gears have the opposite tendency. Longitudinal train dynamics simulations show that polymer draft gears have significantly longer deflections than friction draft gears in normal train operations. A white-box friction draft gear model was developed in References [6, 7] , featuring the transitional characteristic based on the determination of draft gear housing deformation obtained from the finite element analysis for the draft gear PMKP-110 during impact. The conventional two-stage working process-the loading and unloading of the friction draft gear-was detailed as a four-stage process in Reference [7] and the base model was improved with regard to force-displacement characteristics, friction modeling, and transitional characteristics considering all components and their geometries in the draft gear. Further, the main differences between the one-to-one shunting impact and the impact of long groups of cars in terms of features of the draft gear deflections and the coupler force time history are discussed in Reference [8] . Draft gear velocities, displacements, and coupler forces in shunting impacts of long groups of cars were analyzed, and it was revealed that the bearing structures of the cars and the cargo are subjected to principally different loading conditions compared to the case of one-to-one shunting impacts.
To calculate the reliability and service life of the buffering device elements, the optimal parameters of the bumpers should be known. Therefore, the statistical distribution of the longitudinal forces that transfer through the bumpers is employed. The calculated distribution of the extreme forces is given in Figure 1 [9, 10] . Recorded results show a noticeable difference between the statistical distribution for low and normal temperatures. It is obvious that low temperatures essentially affect the characteristics of the friction-polymer bumpers. Therefore, the speed regime should be strictly followed during maneuver operations at sort stations.
Because of this role, in recent years new design solutions have been developed [11] in which the absorption capacity for longitudinal forces is obtained with a package made of polymer material embedded in the buffer. This is achieved by increasing the rigidity of the support block, which leads to a reduction of the angles of the tapered corners of the buffer, thus reducing the friction between auxiliary surfaces (Figure 2a) . The damping properties of polymers also help to reduce the selfinduced vibration that appears in shock (impact) compression. The principle scheme of the elasticfriction absorption device (buffer assembly) with a package of five polymer components is given in Figure 2 .
The error of the calculated force does not exceed more than 5% compared to the maximum force. In addition, the calculated displacement does not exceed more than 1% error compared to the maximum displacement. These margins of error thus adhere to the strict UIC (International Railway Union) requirements [12] for buffer and chain coupler devices.
For freight carriages and locomotives, it is required that, for forces smaller than 2.0 MN, the energy absorber achieve a capacity of no less than 70 kJ, and at full displacement or forces less than Recorded results show a noticeable difference between the statistical distribution for low and normal temperatures. It is obvious that low temperatures essentially affect the characteristics of the friction-polymer bumpers. Therefore, the speed regime should be strictly followed during maneuver operations at sort stations.
Because of this role, in recent years new design solutions have been developed [11] in which the absorption capacity for longitudinal forces is obtained with a package made of polymer material embedded in the buffer. This is achieved by increasing the rigidity of the support block, which leads to a reduction of the angles of the tapered corners of the buffer, thus reducing the friction between auxiliary surfaces (Figure 2a) . The damping properties of polymers also help to reduce the self-induced vibration that appears in shock (impact) compression. The principle scheme of the elastic-friction absorption device (buffer assembly) with a package of five polymer components is given in Figure 2 .
Machines 2018, 6, x FOR PEER REVIEW 3 of 12 3 .0 MN, a capacity of no less than 90 kJ. Therefore, if the supporting polymer block has insufficient rigidity, the required energy capacity will not be achieved. Also, if the rigidity is increased, it will cause an increase in compressive force. Therefore, the determination of the stiffness curve of the support polymer block is an important and challenging task. This paper defines a mathematical model of a friction-type polymer absorber (PMKP-110), taking into account the influence of the environment temperature on the dynamic impact curve for −60 °C and 15 °C. The model constitutes an equation of motion for moving parts of the absorber, and the solution of the differential equation is achieved using Matlab. Results are given as diagrams of the impact deformation and impact speed of the polymer block, with an assumed zero initial impact speed. The model can be used to analyze the action of the longitudinal forces that occur during transient conditions of the movement of the carriages. In following section, we describe the experimental setup and the determination of absorber curves. The subsequent section outlines the mathematical model of the dynamic behavior of the buffer, taking into account the temperature factor. Finally, the last two sections discuss the obtained results and provide conclusions, respectively.
Experimental Determination of Absorber Curves
The PMKP-110 draft gear is a highly efficient shock damper with an increased capacity of T1 grade, which is designed for the protection of multipurpose versatile freight cars against axial load impact and widely applied in the railway industry in Kazakhstan, Russia, Belarus, and Ukraine. This device was developed on the basis of the commercially produced draft gear (PMK-110), which contains a retaining return device represented by a set of polymer elastic blocks [13] instead of a spring set. The production of the PMKP-110 cast housings applies the technology of casting using cold-forming mixtures. Such technology provides the required surface quality, absence of burningin while casting, and dimension accuracy of the cast housing. The Ukrainian Casting Company-ULK (Kharkov, Ukraine) where the PMKP-110 housings are manufactured, is equipped with automatic molding line OMEGA (Peterborough, UK) and induction melting furnace EGES (Istanbul, Turkey). This device is certified according to the UkrSEPRO System and Certification System for Federal Railway Transport.
The use of elastomer parts provides an improved F-D curve and an enhanced energy absorption capacity of the device. The increase of the stiffness of the elastic set reduces the directional angles of The error of the calculated force does not exceed more than 5% compared to the maximum force. In addition, the calculated displacement does not exceed more than 1% error compared to the maximum displacement. These margins of error thus adhere to the strict UIC (International Railway Union) requirements [12] for buffer and chain coupler devices.
For freight carriages and locomotives, it is required that, for forces smaller than 2.0 MN, the energy absorber achieve a capacity of no less than 70 kJ, and at full displacement or forces less than 3.0 MN, a capacity of no less than 90 kJ. Therefore, if the supporting polymer block has insufficient rigidity, the required energy capacity will not be achieved. Also, if the rigidity is increased, it will cause an increase in compressive force. Therefore, the determination of the stiffness curve of the support polymer block is an important and challenging task. This paper defines a mathematical model of a friction-type polymer absorber (PMKP-110), taking into account the influence of the environment temperature on the dynamic impact curve for −60 • C and 15 • C. The model constitutes an equation of motion for moving parts of the absorber, and the solution of the differential equation is achieved using Matlab. Results are given as diagrams of the impact deformation and impact speed of the polymer block, with an assumed zero initial impact speed. The model can be used to analyze the action of the longitudinal forces that occur during transient conditions of the movement of the carriages. In following section, we describe the experimental setup and the determination of absorber curves. The subsequent section outlines the mathematical model of the dynamic behavior of the buffer, taking into account the temperature factor. Finally, the last two sections discuss the obtained results and provide conclusions, respectively.
The PMKP-110 draft gear is a highly efficient shock damper with an increased capacity of T1 grade, which is designed for the protection of multipurpose versatile freight cars against axial load impact and widely applied in the railway industry in Kazakhstan, Russia, Belarus, and Ukraine. This device was developed on the basis of the commercially produced draft gear (PMK-110), which contains a retaining return device represented by a set of polymer elastic blocks [13] instead of a spring set. The production of the PMKP-110 cast housings applies the technology of casting using cold-forming mixtures. Such technology provides the required surface quality, absence of burning-in while casting, and dimension accuracy of the cast housing. The Ukrainian Casting Company-ULK (Kharkov, Ukraine) where the PMKP-110 housings are manufactured, is equipped with automatic molding line OMEGA (Peterborough, UK) and induction melting furnace EGES (Istanbul, Turkey). This device is certified according to the UkrSEPRO System and Certification System for Federal Railway Transport.
The use of elastomer parts provides an improved F-D curve and an enhanced energy absorption capacity of the device. The increase of the stiffness of the elastic set reduces the directional angles of the wedge system, which helps to stabilize the friction at the contact surfaces; the damping properties of the elastomer reduce self-excited frictional vibrations, which take place under impact compression [6] .
Experimental testing [14] of PMKP-110 buffer was conducted in order to obtain several parameters such as the static force-deformation curve, the temperature influence (from −60 to +51 • C) on the static curve (Figure 3) , and the dynamic change of the force of the polymer package at different shock (impact) speeds ( Figure 4 ). The buffer was placed in an isolated tank filled with alcohol and cooled by dissolving carbon dioxide. Continuous monitoring of the ambient temperature was carried out with a thermometer. After achieving the required temperature and maintaining these conditions for 20-30 min, the buffer was installed on the test bench, where the static characteristic of the buffer and related diagram was obtained. The scheme of the test machine used for static testing is shown in Figure 5 . The buffer is marked with (1). The buffer stands on support (2) . The compressive piston (3) has strain gauges (4) and also works as a load cell. Above the piston is the hydraulic cylinder (5). Displacement (deformation) is registered with a linear transducer, marked with (6). The housing is made of steel St37-2 and the cone elements are made of metal ceramic. The speed of buffer compression is 1-2 mm/s. The error of the experimental and the mathematical data is a maximum of 4%. The buffer was tested on a real railway model in scale 1:1 according to Reference [15] . Test layout is shown in Figure 6 and the recorded results are given as a force-deformation curve in Figure 4 . the wedge system, which helps to stabilize the friction at the contact surfaces; the damping properties of the elastomer reduce self-excited frictional vibrations, which take place under impact compression [6] . Experimental testing [14] of PMKP-110 buffer was conducted in order to obtain several parameters such as the static force-deformation curve, the temperature influence (from −60 to +51 °C) on the static curve (Figure 3) , and the dynamic change of the force of the polymer package at different shock (impact) speeds ( Figure 4 ). The buffer was placed in an isolated tank filled with alcohol and cooled by dissolving carbon dioxide. Continuous monitoring of the ambient temperature was carried out with a thermometer. After achieving the required temperature and maintaining these conditions for 20-30 min, the buffer was installed on the test bench, where the static characteristic of the buffer and related diagram was obtained. The scheme of the test machine used for static testing is shown in Figure 5 . The buffer is marked with (1). The buffer stands on support (2) . The compressive piston (3) has strain gauges (4) and also works as a load cell. Above the piston is the hydraulic cylinder (5). Displacement (deformation) is registered with a linear transducer, marked with (6). The housing is made of steel St37-2 and the cone elements are made of metal ceramic. The speed of buffer compression is 1-2 mm/s. The error of the experimental and the mathematical data is a maximum of 4%. The buffer was tested on a real railway model in scale 1:1 according to Reference [15] . Test layout is shown in Figure 6 and the recorded results are given as a force-deformation curve in Figure 4 . the wedge system, which helps to stabilize the friction at the contact surfaces; the damping properties of the elastomer reduce self-excited frictional vibrations, which take place under impact compression [6] . Experimental testing [14] of PMKP-110 buffer was conducted in order to obtain several parameters such as the static force-deformation curve, the temperature influence (from −60 to +51 °C) on the static curve (Figure 3) , and the dynamic change of the force of the polymer package at different shock (impact) speeds (Figure 4) . The buffer was placed in an isolated tank filled with alcohol and cooled by dissolving carbon dioxide. Continuous monitoring of the ambient temperature was carried out with a thermometer. After achieving the required temperature and maintaining these conditions for 20-30 min, the buffer was installed on the test bench, where the static characteristic of the buffer and related diagram was obtained. The scheme of the test machine used for static testing is shown in Figure 5 . The buffer is marked with (1). The buffer stands on support (2) . The compressive piston (3) has strain gauges (4) and also works as a load cell. Above the piston is the hydraulic cylinder (5). Displacement (deformation) is registered with a linear transducer, marked with (6). The housing is made of steel St37-2 and the cone elements are made of metal ceramic. The speed of buffer compression is 1-2 mm/s. The error of the experimental and the mathematical data is a maximum of 4%. The buffer was tested on a real railway model in scale 1:1 according to Reference [15] . Test layout is shown in Figure 6 and the recorded results are given as a force-deformation curve in Figure 4 . The impact cart (3) with a mass of 44 t is positioned on the steep (6) with a pulling device (7) and then set at a particular height (5), depending on the required impact speed. The cart is then released and strikes the support (2), which is firmly attached to the massive concrete wall (1) . The impact speed is fixed with poles (8) .
The test apparatus was installed to be stationary on the support wall, and a loaded cart was used as a stiff rod that strikes the buffer. The measuring bridge MIC-026 registered the time and change of compression force and the stroke of the device at different impact speeds. The registration of forces was achieved by means of an automatic dynamometer assembly with a tensoresistant sensor. The buffer stroke was measured with a large displacement transducer.
Mathematical Model
With the results from the experiments, a mathematical model was created for the static curve of the polymer block embedded in the buffer. The model takes into account the temperature factor of the environment with a polynomial of the fifth degree [16] . 
It has been experimentally determined that for a temperature of +15 °C , the fifth-degree polynomial has the following form: 
For a temperature of −60 °С, the polynomial has the following form: 
Polynomial coefficients for different temperatures from Equation (1) are given in Table 1 , and Figure 7 gives the variation of coefficient a1 as a function of the temperature. The impact cart (3) with a mass of 44 t is positioned on the steep (6) with a pulling device (7) and then set at a particular height (5), depending on the required impact speed. The cart is then released and strikes the support (2), which is firmly attached to the massive concrete wall (1). The impact speed is fixed with poles (8) .
With the results from the experiments, a mathematical model was created for the static curve of the polymer block embedded in the buffer. The model takes into account the temperature factor of the environment with a polynomial of the fifth degree [16] .
It has been experimentally determined that for a temperature of +15 • C, the fifth-degree polynomial has the following form: 
Polynomial coefficients for different temperatures from Equation (1) are given in Table 1 , and Figure 7 gives the variation of coefficient a 1 as a function of the temperature. Figure 7 . Dependence of a1 of temperature.
Depending on the temperature coefficients, by using the method of least squares, the analytical solution is obtained and included in the existing mathematical model of the PMKP-110 buffer, given by Equation (4) 
where x is the displacement of the absorber, ̇ is the velocity of the absorber, a is the displacement of the first degree, c is the stiffness of the absorber body, Ψ is the transfer coefficient, is the transfer coefficient without friction, max is the maximal stroke of the absorber, max2 is the maximum stroke at a given situation, and ( ,̇) is the dynamic characteristic of the support block of the absorber.
The dynamic characteristic of the support block of the absorber given in Equation (4) is [18] : 
The coefficients are given with Equation (5) The coefficients given in Equation (4) depend on the temperature of the working environment. With their replacement in Equation (5), the dynamic stiffness characteristics are obtained for the polymer support block that participates in a mathematical model of the PMKP-110 buffer given by Equation (4) .
For temperatures of 15 °C (Equation (6)) and −60 °C (Equation (7)), Equation (4) is given with the following expressions: Depending on the temperature coefficients, by using the method of least squares, the analytical solution is obtained and included in the existing mathematical model of the PMKP-110 buffer, given by Equation (4) [17] :
where x is the displacement of the absorber, .
x is the velocity of the absorber, a is the displacement of the first degree, c is the stiffness of the absorber body, Ψ j is the transfer coefficient, i j is the transfer coefficient without friction, x max is the maximal stroke of the absorber, x max2 is the maximum stroke at a given situation, and F x, .
x is the dynamic characteristic of the support block of the absorber. The dynamic characteristic of the support block of the absorber given in Equation (4) is [18] :
The coefficients are given with Equation (5): The coefficients given in Equation (4) depend on the temperature of the working environment. With their replacement in Equation (5), the dynamic stiffness characteristics are obtained for the polymer support block that participates in a mathematical model of the PMKP-110 buffer given by Equation (4) . For temperatures of 15 • C (Equation (6)) and −60 • C (Equation (7)), Equation (4) 
Due to the abovementioned factors, it is necessary to create a mathematical model of the absorber through which the optimum stiffness curve of the supporting polymer block will be determined.
The differential equation of the moving components of the support block (Figure 2 ) has the following form [19] :
..
where x is the displacement of the pressed cone section, .
x is the velocity of the pressed cone,
x is the acceleration of the pressed cone, and Ψ is the transfer coefficient, which shows how much the force of the device (the buffer) P exceeds the pressure of the supporting polymer block F (Figure 3 ). In this case,
The calculation of Ψ is contained in Equation (3), which represents the dynamic characteristic of the force of the polymer package composed of five parts made of Durel material. The package has an initial pre-tension of x 0 = 90 mm, corresponding to the initial mounting position of the supporting block in the kit.
The irreversible energy absorption coefficient η CT in the polymer block at the quasi-static test depends on the type of the buffer and the temperature ( Figure 8) ; usually, it is within the range of 0.4-0.7 [20] . 
where x is the displacement of the pressed cone section, ̇ is the velocity of the pressed cone, ̈ is the acceleration of the pressed cone, and Ψ is the transfer coefficient, which shows how much the force of the device (the buffer) P exceeds the pressure of the supporting polymer block F (Figure 3 ). In this case, Ψ = 5. The calculation of Ψ is contained in Equation (3), which represents the dynamic characteristic of the force of the polymer package composed of five parts made of Durel material. The package has an initial pre-tension of x0 = 90 mm, corresponding to the initial mounting position of the supporting block in the kit.
The irreversible energy absorption coefficient in the polymer block at the quasi-static test depends on the type of the buffer and the temperature ( Figure 8) ; usually, it is within the range of 0.4-0.7 [20] . The force ( ,̇), expressed in kN, has a nonlinear characteristic and has so far been determined experimentally.
The mass M that causes the impact 44,000 kg is much larger than the buffer absorber. The force P depends on the speed of the system and its position, which are calculated from a known formula [21, 22] involving the angles of the conical metal parts and the coefficient of friction between them. Therefore, the force P can be calculated using the second-order Lagrange equation:
By substituting Equation (10) in Equation (9), we obtain:
=̇,
Substituting Equation (12) in Equation (11), we obtain:
Differential Equation (13) is of the first order, and determines the velocity of movement of the system from the position (x-displacement). The total force acting on the system is determined by x , expressed in kN, has a nonlinear characteristic and has so far been determined experimentally.
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Differential Equation (13) is of the first order, and determines the velocity of movement of the system from the position (x-displacement). The total force acting on the system is determined by the following equation:
By substituting Equation (14) in Equation (13), we obtain the equation of motion (Equation (8)) of the absorber parts of the buffer.
Result and Discussion
Equations (5)- (8) were solved using the Matlab program package. Figure 9 gives the change in the dynamic force F x, .
x , Equation (6) . The displacement and velocity of the movable system (Equation (6)) of the buffer (Equation (8) 
Equations (5), (6), (7), and (8) were solved using the Matlab program package. Figure 9 gives the change in the dynamic force ( ,̇), Equation (6) . The displacement and velocity of the movable system (Equation (6)) of the buffer (Equation (8) 
Equations (5), (6), (7), and (8) were solved using the Matlab program package. Figure 9 gives the change in the dynamic force ( ,̇), Equation (6) . The displacement and velocity of the movable system (Equation (6)) of the buffer (Equation (8) Figure 12 gives the change of dynamic force ( ,̇) , as expressed by Equation (7). The displacement and velocity of the movable system (Equation (7)) of the buffer (Equation (8) x , as expressed by Equation (7). The displacement and velocity of the movable system (Equation (7)) of the buffer (Equation (8) Figure 12 gives the change of dynamic force ( ,̇) , as expressed by Equation (7). The displacement and velocity of the movable system (Equation (7)) of the buffer (Equation (8) x at an operating temperature of −60 • C and η CT = 0.7. Figure 12 gives the change of dynamic force ( ,̇) , as expressed by Equation (7). The displacement and velocity of the movable system (Equation (7)) of the buffer (Equation (8) The displacement and velocity of the buffer at different operating temperatures (−60 °C and 15 °C ) and different impact speeds (v0 = 1.15 m/s and v0 = 3.5 m/s) are presented in Figure 15 . By reducing the impact velocity on the polymer block, the working length and the displacement of the same are reduced. In the operation process, the initial velocity increases at impact and then drops to zero, and at higher speeds the percentage of the increase is lower. 
Conclusions
The mathematical model of the PMKP-110 buffer was obtained, taking into account the temperature factor through the dynamic force of the support block of the absorber. The dependence between the initial pre-tension of the buffer and the ambient temperature was calculated. Certain conclusions can be drawn based on the calculations: 1. The model can be used to analyze the action of the longitudinal forces that occur during transient conditions of the movement of the carriages.
2. The dynamic force ( ,̇) obtained for a working temperature of +15 °C is five times greater than the dynamic force obtained for a working temperature of −60 °C. This indicates that the influence of the temperature change is of great importance. Figure 15 . By reducing the impact velocity on the polymer block, the working length and the displacement of the same are reduced. In the operation process, the initial velocity increases at impact and then drops to zero, and at higher speeds the percentage of the increase is lower. The displacement and velocity of the buffer at different operating temperatures (−60 °C and 15 °C ) and different impact speeds (v0 = 1.15 m/s and v0 = 3.5 m/s) are presented in Figure 15 . By reducing the impact velocity on the polymer block, the working length and the displacement of the same are reduced. In the operation process, the initial velocity increases at impact and then drops to zero, and at higher speeds the percentage of the increase is lower. 
2. The dynamic force ( ,̇) obtained for a working temperature of +15 °C is five times greater than the dynamic force obtained for a working temperature of −60 °C. This indicates that the influence of the temperature change is of great importance. 
The mathematical model of the PMKP-110 buffer was obtained, taking into account the temperature factor through the dynamic force of the support block of the absorber. The dependence between the initial pre-tension of the buffer and the ambient temperature was calculated. Certain conclusions can be drawn based on the calculations:
1.
The model can be used to analyze the action of the longitudinal forces that occur during transient conditions of the movement of the carriages.
2.
The dynamic force F x, .
x obtained for a working temperature of +15 • C is five times greater than the dynamic force obtained for a working temperature of −60 • C. This indicates that the influence of the temperature change is of great importance.
3.
For a working temperature of +15 • C and a working stroke of 180 mm, it was calculated that F x, x = 900 kN. This can be seen from the diagrams in Figures 9 and 12 and this ratio is maintained for the whole working length of the polymer block.
4.
In the process of operation, the initial impact velocity increases and then drops to zero. At higher speeds, the percentage of this increase is lower. For example, for an initial velocity v 0 = 3.5 m/s, the increase is about 1%, and for v 0 = 1.15 m/s it is about 6%. 5.
Expensive classical experiments can be avoided, and the error of the force obtained with the mathematical model does not exceed 5% related to the maximum force, and does not exceed 1% related to the maximum displacement.
The use of a polymeric elastic block increases the energy capacity and the dynamic characteristic of the shock absorber. This is achieved by increasing the stiffness characteristic of the support block of the absorber, which allows a reduction of the angles of the control wedges as well as an adequate stabilization of the friction of the auxiliary surfaces. In addition, the polymer block substantially decreases the frictional self-induced vibrations that occur from impact compression. The model can be used to calculate the load on the carriages, as well as the reliability of the polymer buffer. 
